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a, b. 


series: E, R¡ and Ry b. series: E and R; 
parallel: R> and R; parallel: R» and R; 
series: E, R, and Rs; d. series: R¿ and R> 
Rx and Ry parallel: E, R, and Rg; 
parallel: none R» and Rs 
yes (KCL) d V=E-V, =10V-6V=4V 
Rr=R.IR+R]R=22]30+12[420=%029+40-1%o0=20 
TEKA +23 1 £4 = 5 Ss. 5% 
1= =D 2=5A g. Pas =El=(10V)XS A) = 50 W 
T 
V, = 1X(R; | E o] =6V 
vo 2 
p==£YY=nw 
R, 3 2 
2 
V 2 
p= =D -18w 
R> 2 2 
R'=R,|R,=108 [| 152=62 
R7=R'| (R¿+Ry=62 | 122 =49 
E _36V E _36V 
l= == —=9%4f=<=>= -=>=06A 
5 Re 42 Lo RR 62 
1 
R3 + Ra 12 Q 
V,=LR¿=(0B8AQ0)= 6V 
24 V 8 V 
l,= L_= 6A1hk= ——=0.8A ! 
40 3 102 
q 24V+8V_32V_ 58 
2 2 2 2 
Il = E E 20 V 
RAR) +R¿IR) 32 +3 2[G 2 + 6 2[6 2) 
20 V 20 V _ 20V 


320-3016 0-30 30+30[68 30+20 
4A 
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11. 


13. 


(Odd) 


Ra(1y) 3 0(4 A) 


CDR: /, = = 
2 RA+RA+R IR 32+32 +6 06 0 


ly = 


Í; 


12 da = 1.333 A 


+ 


L3 


6 
L, 
2 = 0.6665 A 


—L=4A- 1.333A = 2.667 A 


V, = LR = (0.6665 A)(6 M) = 4 V 


R'=R¿ | Rs | (R,+RY=42 | 82 f(60+20=402 [32 [30 
=40 [42=2020 


A 
| 


A 
y 
ll 


= (Rz +R") || (R¿ + Ro) = (82 +20) [| (62 + 4 2) 


102 [| 102 =50 


E 


R| | (R,+R")=1002 [| (52+50)=1092 || 102 = 52 


_80v_ 


<< L£=Y"= 16A 
Rr 50 
=1I=1A ga h das (Re || Rs)U3) 
2 A 2 (ReTRS) + (Ry + Rg) 
l, = 2 =4A _ (4 218 D4 A) 
a0185D-62+20) 
_ Q67O4A _1a 
267 0 +8 9 


—TgRg si Vab =P LoRg =0 


Vo, = LoRg — TgRg = (4A)14M) — (1AQON)=16V-2V= 14 V 


la = 


270 kQ(16 V) 


AV a o O 
G”— 270 k2 + 2000 k02 


= 1.9 V 


Ve - Vas Ys$=0 


= L 


16 V 
370 KQ + 2000 K0 S 
y 
- 258.365 VY _2433mA 
Rs TSKI 


16 V — (2.433 mAJN(4 k0) = 16 V — 9.732 V = 6.268 V 


Vop 7 IpKp — Ve 
16 V — (2.433 mA)J(2.5 k2) — 1.9 V = 16 V — 6.083 V — 1.9 V = 8.02 V 
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15. 


17. 


19. 
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E 9v 


EIA 


0.6 A 
E¡ -V+E=0 


Ry "shorted out" 
R' =R3 +R | 7 + Rg || R; 


=100+62|62+62 [30 
=100+32>+20 
= 150 


Rr=R¡+R|R 
= 102 +302 | 152 =102 + 102 


= 20 2 
]= £ .190Y5a 
Rr 2008 


R'(1) (15 05 A) 
Ll. = A A A E DOT A 
2 RR 152+300 
2 1 
L=I-L=5SA-1£2A=3_A 
á ñ 3 3 


Si 301, 
¡ E 3 = LIMA 
6 e 


Ry+R¿ 32+60 
lg =0A 
| 10 
V, = L(Ra || Rs) = 5 A] (3 0) = 10 V 
Va =0V 


All resistors in parallel (between terminals a «: b) 


Ry=168 [162 [380 [40 320 


OD 
solfss «ol 320 


MEE SCA 


4242/1320 


MEA, 


22 | 322 = 1.882 2 


All in parallel. Therefore, V, = Vy = E = 32 V 
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c. LL =VI/R=32VW49=8A-< 


d. Il. =Kh +b+k3+1l, + ls 

32W 32VW 32VW 32VY 32V 
A A A A A A A A ai 

16 Q 8 0 490 32 1 16 0 
=2A+4A+8A+1A+2A 

1 


Rr= 2 = 222% = 1.882 M as above 


E _32V 
Il. ITA 


21. a. Applying Kirchoff”s voltage law in the CCW direction in the upper "window": 


38 V 
llo = —z. =4/53A 
30 8 0 
18 V 
l3g = 


b.  V= (9162) + 20 V = (2 A)X6 N) + 20 V = 12 V + 20 V = 32 V 


30+60 90 
KCL: ljgy = 4.75A +2 A = 6.75 A 


23.  —Assuming /, = 1 A, the current /, will divide as determined by the load appearing in each branch. 


Since balanced /, will split equally between all three branches. 


1 

ZA — 109 
1=1A E 

la) 22 102 
y“ 
102 <= 
o $ 

E Re 


a 
l 
PAN, 
pad 


3 
] 10 
Y=|lalgon= 2 y 
E | E 
1 10 
V= |Lalgon = 2 y 
7 E li 
E=V + V)+V= ZV+ 2 V+ 2 V=8333 V 
Rr= £ 23% - 33330 
7 TA 


(Odd) 
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25. 


24: 


29. 


50 


a  R'ir=Ril| (R¿+R)=62[|32=202 
R'r=R3l| (R¿+R'p=42 | (2+220=22 
Rp=R,¡+R,+R"Y=320+52+20=100 


1= 29 VY 23 
10 
4 00) 4 204 A) 
? TI, = A RA 
sl 4” 70-40 3 1 
a O 


60+30 9 


Vs => IsRs => Za e Rs == (4 A)J6 0 = 24 V 


d. —P= KR, =(8AJ20 = 128 W 
P = El = (240 V)Q4 A) = 5760 W 


The 12 ( resistors are in parallel. 
Network redrawn: 


E 24 V 
ll = Zz == =>=2A 
Ro TED 

Is 2A 
PI A 
O 


Lira = A 
120" =70+1280 3 


2 


 48Vv _ 
a.  E=(40mAX1.6kM) = 64 V E E em is 
R, = £2 - 3x0 

8 mA 


Cc Tp =72mA— 40 mA = 32 mA 


Ir, = 32 mA — 12 mA = 20 mA 
Ir, = 20 mA — 8 mA = 12 mA 


R= A, ó4V-48V_ 16V _os1p 
Te 32 mA 32 mA 
vo Ñ 
a o A E O 
R.= 5 AV - 21 
3 Ip 12 m 
3 
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31. 


33. 


30 


37. 


(Odd) 


a. yes 


R,(12 R,(12 
b.  VDR: Ve =3V= 22 7)- ios 


R, +R, 1 kQ 


3 VA kQ) 


R» = 
: 12 V 


= 0.25 kN = 250 Q 


R, = 1k2 — 0.25 kN = 0.75 k2 = 750 £ 


VDR equation “cleaner") 


C VR, 
R,(12 V) 
Vo. =9V= 
el R; + (R¿[R) 

9R| + AR) ||R,) = 12R, 

R¡ = 3(R,[|Ry) 
2 eq. 2 unk(R, = 

R, +R,=1Kk0 


_ 3RyR, _ 3R,10Kk0 
RAR; R +10K0 
and R;¡(R, + 10k0) = 30 k0 R, 
R¡R, + 10kQR, = 30kQ R, 


R3 + 39kQR, — 10k? =0 
R, = 0.255 kN, 239-255 k 
R, = 255 N 


d. las = 1 mA 


10 k0) 


Rules 100 M1 mA 0.1 
bo Rap= —S_ - (0 01d mA) < 01 0-5 me 


a. R, = 


Ios SO pA 
b.  0/V = 1/I¿5 = 1/50 pA = 20,000 


10 M2 = (0.5 VI(Q/V) > Q0/V = 20 x 10 


1 
Ire = 1/(Q/V) = = 0.05 yA 
En 20 x 106 


Vmax 7 Vvs _ 15 V - (50 pA)X1 kQ) 


= 300 kQ 


=E-V, =12V-3V=9V (Chose Ve, rather than Ve, [Ro since numerator of 
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2. 


10. 
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Ry=42+40+40=D0 
Ry=42+490 [| 40 =40+22=6020 


Rp=(42 +40) [| 40+40=30 | 420+40 
= 2.667 N + 4 0 = 6.667 Q 


Rr=R | R)+R3=120[62+122=40+120=169 


6M4A) _y1a 


Ry 160 CA EO+R0O 3 
V, = IRz = (4 A)X(12 0) = 48 V 


20 V 


HR rt 


16 2 || 252 = 9.756 2 

7 VY_ =0.7175A 

9.756 Q 
R'=R¿+R5=142+62 =200 


R"=R, [| R' =202 | 202 = 102 
R"=R"+R,=102+1082 =202 
Rr=R3 | R"=52 [2002 =40 


L= L SA 
5 Ri 42 
20 V 20 V 20 V 
Ll = _—___—___ e e == =1ÍlA 
Ll. TR |+RY” 100 +102 2009 
20 V 
h= £”" =4A 
5 50 
I 
1, = 7 = (since R'=R)= 2% =0.5A 


V, = LR;¿ — LRs = (4 A) 2) — (0.5 AX6 NM) = 20 V — 3 V = 17 V 


v, E 


C 


R, = (0.5 A)J(20 1) = 10 V 


E 
2 


Ri | R2 1 R3 ll (Ró +Ra || R5) 

12k2 | 12kx2 | 3k2 || (10.4k0 + 9k0 | 6 k0) 
=6k2 | 3k2 || (10.4k0 + 3.6kQ) 

=2k9 || 14k0 = 1.75 k2 


Rr 
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12. a. 


14. a. 


(Even) 


J= LE - 2 <= 16 mA 
Ry  175Kk0 
R'=R¡ || R, || R3 = 2k0 
R" =Rg + Ra || Rs = 14k2 
RD _ QKDA6 mA) _ 
1= HO. LxUUOmMA - 2 mA 
$5 RERO 70 + 14 Pe 


Z 
2 
V, =E=28 V E E RATA 
Vs = Iá(R¿ || Rs) = Q ma)J3.6k0) = 7.2 V Rs "6Kk2. 
Ve _ 2v 
l = = 2 mA 
ES Re TK 


Rs _ Vcc” (Vgg + Ve) _ 8V - (0.7 V + 2V) 


r=- — >  — —___ x€xXN--—A o 
Ro Ro 220 kQ 
a EIN IN 
220 k(Q 220 kQ 


Ve = Vec — IcRe = 8 V-— (2 mA)Q.2 k0) = 8 V — 4.4 V = 3.6 V 


Var = Va — Vo =2.7V - 3.6 V = —0.9 V 


Network redrawn: 
100 2 + 220 (2 = 320 2 
400 2 || 600 £ = 240 2 
400 2 || 220 2 = 141.94 Q 
240 N + 141.94 N = 381.94 Q 


320 2 || 381.94 2 = 174.12 2 


Y 
ÉS 
l 


141.94 0(32 V) 
= > 092 Y) 11.892 
a T41.94 8 + 240 0 did 


V, = 32 V — V, = 32 V — 11.892 V = 20.108 V 


20.108 V 
V, = V, = 11.892 V o te gg 31ma 
11.892 V 


I + Lég000 = L200 

I = La000 — L6002 
= 54.05 mA — 33.5 mA 
= 20.54 mA —=> 
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16. Rp=4k2 + 2kQ || (1k0 + 0.5k2 + 1.5 kQ) 
=4k0 + 2k0 | 3k2 = 4k2 + 1.2k2 


= 5.2 k2 
E 24 V 
== —_ = 4.615 mA 
$ Ro 32K0 Ñ 
- KM)  _ 3 kQ(4.615 mA) _ > 769 ma 
3k0 + 2k0 5 k0 


IR, = 4.615 mA — 2.769 mA = 1.846 mA 

V, = -IpR, = —(1.846 mA)(1 kl) = —1.846 V 

V, + 24V-1,4k02 =0 

Y, =1,4k0 — 24 V = (4.615 mA)(4 k0) — 24 V 
= 18.46 V — 24 V = -5.54 Y 


18. 8s2[802=40 
J=_390VY__30V_3a 
4020+60 10 2 

V=180 | 80 =(GA40)=12V 


20. a. 


+ Lo = Lo 
and I' = Lg hkg=T7A-2A=3A 
I=I+lg=SA+4A=9A 


R 
22. LR) = 2R3>L = == (since the voltage across parallel elements is the same) 


R 


pl 
10 


R3 
— +2112 + 2R3 
10 
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KVL: + 6V -— 20 V + V,, 


0 
14 V 
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24. 


26. 


28. 


30. 


36k2 | 6k2 |] 12 k02 = 3.6k0 


3.6 k0(45 V) 
V= A a = 16.875 V 4 27 V. Th ! 
o. sé erefore, not operating properly 
6 k(2 resistor "open" 
9 k0Q(45 V) 
Vs EL Y 
9kQ + 6 k0Q 
a. R'r=R¿l (R¿+R,+Rg=22 | 72 = 1.556 £ 


R"7=R, | (R¿+R5+R'p=22 || (42 + 1 2 + 1.556 0) = 1.532 0 
Ry =R; +R“r=40 + 1.532 0 => 5.532 0 


b. IT = 2 V/3.532 Q = 0.3615 A = 361.5 mA 


2 00) _ 2 0(361.5 mA) 
: A A A 
E TEBEO TI 
_ 2 (0(84.5 mA) _ 


E 


Ro+RilIRp=12+202[|22=2020 


Ra || (Rs + Reg) = 102 | 102 =50 
R|+R, [| (R¿3+50=32+62 | 62=6020 
Rp=202[30|628=202[22=10 
I=12V10= 1MA 

b. 1,=12V/6%2=2A c. Ll¿=L=0.5A 

6 0Q A) 
Li AAA 
3" 60-602 
1 = 12 =0.5A 
2 

Ir, = 4% mA 

Ir, = W mA — 10 mA = 30 mA 

Ig, = 30 mA — 20 mA = 10 mA 

Ir, = “0 mA 

Ir = 40 mA — 4 mA = 36 mA 

4 

Ve Ñ 

rR,= 5%. 120Y 100 V _ 20VY _osx0 
Y 
R a 

R, = 10 Y 40 V 60 V _10 
Ve 
V 

ry= HA HN 10 
Ip 36 mA 


(Even) 55 


Ro= Fs. 0V-36V_ 2V _0610 
> IR, 40 mA 40 mA 


= IR, = (40 mA)%0.5 kQ = 0.8 W (1 watt resistor) 
P, = IR, = (30 mA)y?2 kN = 1.8 W (2 watt resistor) 


y 
| 


= Ra = (10 mA)%4 kQ2 = 0.4 W (1/2 watt or 1 watt resistor) 
= LR, = (36 mA)*1 kQ2 = 1.296 W (2 watt resistor) 
P; = ¿Re = (40 mA)%0.6 k = 0.96 W (1 watt resistor) 


Sd ¿y 
II 


All power levels less than 2 W. Four less than 1 W. 


32. a. Vas = E 32 


V,, = 40 V-32V=8V 


b. 802 || 1 k2 = 74.07 2 


20 2 || 10k0 = 19.96 Q 


74.07 Q2(40 V) 
pu = 1. 1 V 
ab 74.07 Q + 19.96 Q DES 


V,, = 40 V — 31.51 V = 8,49 V 


31.51 VJ? (8.49 vy? 
á son “200 ia 


2 2 
a p= L2 1,86 W -128w+32W= 16 W 


80 2 20 Q 
1 kQ(S0 yA as 
3425 MA: Re 05 ma 22 
50 mA: Ry, = LEDO 18) 19 


SO mA - 0.05 mA 
100 mA: Rohunt = 0.5 Q 


36. 5v: R.=2Y-0 m81000 8) - 4910 
1 mA 
sov: r.= V-01V - 49.9ke 
1 mA 
so0 v: R.= 30 VY-0:1VY - 499.9 k0 
1 mA 


zero adjust _ 3VY__1¡,9- > = 28 kQ 


E 
' . a 7 100 HA 
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(Even) 


xl, = E +R + zero adjust E 28% 
series 
E zero adjust 
Runk = A, Ss (e + Rip + A 
3 
=_3VY_-_30x0= 2x1 230 x 10% 
x100 A xX 
3 1 1 


x= o 3? Fax = 30 KI; x = q? Fur = 90 K2 


Carefully redrawing the network will reveal that all three resistors are in parallel 
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